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(54) CERAMIC-METAL STRUCTURE

(57) Provided is a ceramic-metal structure in which,
during cooling, there are restrained separation of a braz-
ing filler and occurrence of cracking in a ceramic sub-
strate. In the ceramic-metal structure, a pipe-shaped or
rod-shaped metallic body 2 is inserted into a through hole
4h of the ceramic substrate 4 or is disposed just above
the through hole. The ceramic-metal structure includes
an annular pad layer 6 made of a metal and disposed on
the ceramic substrate around the through hole; an annu-
lar ring member 8 joined to the pad layer via a first brazing
filler portion 10 and having a coefficient of thermal ex-
pansion smaller than that of the metallic body; a second
brazing filler portion 12 intervening between the ring
member and the metallic body; and brazing filler flow
prevention layers 7a, 7b which cover an outer surface of
the pad layer in such a manner as to expose a central
region 6c of an upper surface of the outer surface of the
pad layer, the upper surface facing the first brazing filler
portion. The first brazing filler portion joins the central
region and the ring member together without projecting
to a radially inner side and a radially outer side of the

brazing filler flow prevention layers.



EP 3 488 959 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a ceramic-met-
al structure in which a ceramic and a metal are brazed
together.

BACKGROUND ART

[0002] According to a conventionally known technique,
for example, a flange made of Kovar is brazed to a ce-
ramic, and a pipe member made of a metal is connected
to the flange 2 from inside by means of silver solder (Pat-
ent Document 1).
[0003] According to this technique, the pipe member
has a circumferential groove formed at an end portion
thereof. The groove obstructs a flow of a molten silver
solder so as to prevent flow of the molten silver solder
into unnecessary portions, whereby the molten silver sol-
der can be concentrated at a brazing zone for firm braz-
ing.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0004] Patent Document 1: Japanese Patent Applica-
tion Laid-Open (kokai) No. H05-277721

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0005] Incidentally, if brazing is performed with a braz-
ing filler metal in direct contact with a ceramic, due to a
difference in a coefficient of thermal expansion between
the ceramic and the brazing filler metal, stress concen-
trates at a brazed portion during cooling, potentially re-
sulting in separation of the brazing filler. Even if brazing
is performed with a brazing filler metal in indirect contact
with a ceramic, stress concentrates in the vicinity of an
interface between the ceramic and a metallization metal,
potentially resulting in occurrence of cracking in the ce-
ramic.
[0006] In view of the above, an object of the present
invention is to provide a ceramic-metal structure in which,
during cooling, there are restrained separation of a braz-
ing filler and occurrence of cracking in a ceramic sub-
strate so as to ensure reliable brazing.

MEANS FOR SOLVING THE PROBLEM

[0007] In order to solve the above problem, the present
invention provides a ceramic-metal structure in which a
pipe-shaped or rod-shaped metallic body is inserted into
a through hole extending through a ceramic substrate
from a surface of the ceramic substrate in a thickness

direction thereof or is coaxially disposed just above the
through hole, the ceramic-metal structure comprising an
annular pad layer made of a metal and disposed on the
surface of the ceramic substrate to be located around
the through hole; an annular ring member joined to the
pad layer via a first brazing filler portion and having a
coefficient of thermal expansion smaller than that of the
metallic body; a second brazing filler portion intervening
between the ring member and the metallic body and join-
ing the ring member and the metallic body together; and
a brazing filler flow prevention layer which covers an outer
surface of the pad layer in such a manner as to expose
a central region of an upper surface of the outer surface
of the pad layer, the upper surface facing the first brazing
filler portion, wherein the first brazing filler portion joins
the central region and the ring member together without
projecting to a radially inner side and a radially outer side
of the brazing filler flow prevention layer.
[0008] According to the present ceramic-metal struc-
ture, since the first brazing filler portion does not project
to the radially inner side and the radially outer side of the
brazing filler flow prevention layer, direct contact of the
first brazing filler portion with the ceramic substrate can
be prevented. As a result, there can be restrained sep-
aration of the first brazing filler portion which could oth-
erwise result from concentration of stress at the first braz-
ing filler portion during cooling due to a difference in co-
efficient of thermal expansion between the ceramic sub-
strate and the first brazing filler portion.
[0009] Also, as a result of the brazing filler flow pre-
vention layer covering the outer surface of the pad layer
in such a manner as to expose the central region of the
pad layer’s upper surface facing the first brazing filler
portion, the brazing filler flow prevention layer is formed
in contact with a surface of the ceramic substrate while
covering an inner circumferential surface and an outer
circumferential surface of the pad layer disposed on the
surface of the ceramic substrate. Accordingly, the braz-
ing filler flow prevention layer is disposed above the in-
terface between the ceramic substrate and the metal pad
layer on which stress is imposed most intensively, to
thereby improve the strength of the ceramic substrate.
Further, as a result of an end portion of the first brazing
filler portion being located internally of the interface,
stress imposed on the interface is mitigated. As a result,
occurrence of cracking in the ceramic substrate is re-
strained, whereby reliable brazing is ensured.
[0010] The ceramic-metal structure of the present in-
vention may be configured such that the ring member
has an outer diameter smaller than that of the pad layer
and such that the first brazing filler portion has a portion
which is in contact with a peripheral surface of the ring
member and forms a fillet shape.
[0011] In the case of the first brazing filler portion hav-
ing a portion in a fillet shape (a concave shape), the fillet
shape indicates that a molten brazing filler metal has pen-
etrated into a space between the ring member and the
pad layer with sufficient wettability to thereby improve
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brazing strength.
[0012] The ceramic-metal structure of the present in-
vention may be configured such that the first brazing filler
portion has a portion which extends toward a radially in-
ner side of the ring member and forms a fillet shape.
[0013] As a result of the portion also forming a fillet
shape, brazing strength is improved.
[0014] The ceramic-metal structure of the present in-
vention may be configured such that the ceramic sub-
strate and the brazing filler flow prevention layer contain
the same material as their main components.
[0015] According to the present ceramic-metal struc-
ture, since the ceramic substrate and the brazing filler
flow prevention layer contain the same material as their
main components, adhesion between the ceramic sub-
strate and the brazing filler flow prevention layer is ex-
cellent.
[0016] The ceramic-metal structure of the present in-
vention may be configured such that: the ceramic sub-
strate has a flow channel formed therein which is con-
nected to the through hole and through which gas flows,
the metallic body is pipe-shaped, and exchange of gas
can be performed between the flow channel and the out-
side of the ceramic substrate through an internal space
of the metallic body.
[0017] According to the present ceramic-metal struc-
ture, since the ceramic substrate and the metallic body
are reliably brazed together, in introducing gas into or
discharging gas from the flow channel formed in the ce-
ramic substrate through the pipe-shaped metallic body,
leakage of gas from a brazed portion can be restrained
to thereby allow stable exchange of gas.

EFFECTS OF THE INVENTION

[0018] The present invention can provide a ceramic-
metal structure in which, during cooling, there are re-
strained separation of a brazing filler (a first brazing filler
portion) and occurrence of cracking in a ceramic sub-
strate so as to ensure reliable brazing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

[FIG. 1] Exploded perspective view of a ceramic-met-
al structure according to an embodiment of the
present invention.
[FIG. 2] Sectional view taken along line A-A of FIG. 1.
[FIG. 3] Sectional view showing a modification of the
ceramic-metal structure according to the embodi-
ment of the present invention.
[FIG. 4] Sectional view showing another modification
of the ceramic-metal structure according to the em-
bodiment of the present invention.

MODES FOR CARRYING OUT THE INVENTION

[0020] The present invention will next be described in
detail with reference to the drawings. FIG. 1 is an explod-
ed perspective view of a ceramic-metal structure 100 ac-
cording to an embodiment of the present invention, and
FIG. 2 is a sectional view taken along line A-A of FIG. 1.
[0021] In FIG. 1, the ceramic-metal structure 100 in-
cludes a pipe-shaped metallic body 2, a generally quad-
rate ceramic substrate 4 having a through hole 4h, a pad
layer 6 disposed on a surface of the ceramic substrate 4
around the through hole 4h, brazing filler flow prevention
layers 7a and 7b to be described in detail later, an annular
ring member 8, a first brazing filler portion 10 joining the
pad layer 6 and the ring member 8 together, and a second
brazing filler portion 12 joining the ring member 8 and
the metallic body 2 together.
[0022] The ceramic substrate 4 is a ceramic sintered
body which predominantly contains alumina, and the me-
tallic body 2 is formed of stainless steel. The annular pad
layer 6 is made of a metal, enhances adhesion between
the ceramic substrate 4 and the first brazing filler portion
10, and prevents direct brazing of the first brazing filler
portion 10 to the ceramic substrate 4. The pad layer 6
can be formed as follows: a paste which contains, for
example, at least one of tungsten and molybdenum as a
main component is printed onto a surface of a green body
of the ceramic substrate 4, followed by firing and subse-
quent Ni plating onto the surface of the fired paste.
[0023] The brazing filler flow prevention layers 7a and
7b can be formed as follows: a paste of, for example, a
material whose main component (alumina in the present
embodiment) is the same as that of the ceramic substrate
4 is printed annularly in a bridging manner (to extend)
between green bodies of the ceramic substrate 4 and the
pad layer 6, followed by simultaneous firing together with
the green bodies of the ceramic substrate 4 and the pad
layer 6.
[0024] The ring member 8 is formed of, for example,
Kovar having a coefficient of thermal expansion smaller
than that of the metallic body 2.
[0025] Examples of a brazing filler metal which is to
form the first brazing filler portion 10 and the second braz-
ing filler portion 12 include an Au-Cu alloy, an Ag-Cu
alloy, and various conductive materials (e.g., Cu (copper)
and Ag (silver)).
[0026] The ceramic substrate 4 has a flow channel 4c
(see FIG. 2) formed therein and communicating with the
through hole 4h, whereby exchange of gas G can be
performed between the flow channel 4c and the outside
of the ceramic substrate 4 through an internal space of
the metallic body 2. Notably, in an internal space of the
ceramic substrate 4, a predetermined processing (e.g.,
heating) can be performed on the gas G, or the concen-
tration of the gas G can be detected.
[0027] As shown in FIG. 2, the metallic body 2 is in-
serted into the through hole 4h extending through the
ceramic substrate 4 in a thickness direction thereof and
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is disposed coaxially with an axis AX of the through hole
4h.
[0028] The brazing filler flow prevention layers 7a and
7b cover an outer surface of the pad layer 6 in such a
manner as to expose a central region 6c of an upper
surface of the outer surface of the pad layer 6, the upper
surface facing the first brazing filler portion 10. Specifi-
cally, the annular inner brazing filler flow prevention layer
7a is formed in a bridging manner between the ceramic
substrate 4 and a radially inner circumferential edge of
the pad layer 6 such that the annular inner brazing filler
flow prevention layer 7a rises above an upper surface 6f
of the pad layer 6. The inner brazing filler flow prevention
layer 7a is formed in contact with the surface of the ce-
ramic substrate 4 while covering the inner circumferential
surface of the pad layer 6.
[0029] Similarly, the annular outer brazing filler flow
prevention layer 7b is formed in a bridging manner be-
tween the ceramic substrate 4 and a radially outer cir-
cumferential edge of the pad layer 6 such that the annular
outer brazing filler flow prevention layer 7b rises above
the upper surface 6f of the pad layer 6. The outer brazing
filler flow prevention layer 7b is formed in contact with
the surface of the ceramic substrate 4 while covering the
outer circumferential surface of the pad layer 6.
[0030] The first brazing filler portion 10 intervenes be-
tween and brazes together the central region 6c of the
pad layer 6 and the ring member 8 without projecting to
the radially inner side of the inner brazing filler flow pre-
vention layer 7a and to the radially outer side of the outer
brazing filler flow prevention layer 7b.
[0031] Meanwhile, the second brazing filler portion 12
intervenes between and brazes together the ring member
8 and the metallic body 2.
[0032] Since the first brazing filler portion 10 does not
project to the radially inner side and the radially outer
side of the brazing filler flow prevention layers 7a and 7b,
respectively, direct contact of the first brazing filler portion
10 with the ceramic substrate 4 can be prevented. Also,
as a result of the brazing filler flow prevention layers 7a
and 7b being disposed above the interface between the
ceramic substrate 4 and the metal pad layer 6 on which
stress is imposed most intensively, the strength of the
ceramic substrate is improved. Further, as a result of an
end portion of the first brazing filler portion 10 being lo-
cated internally of the interface, stress imposed on the
interface is mitigated. As a result, there can be restrained
separation of the first brazing filler portion 10 and occur-
rence of cracking in the ceramic substrate 4 which could
otherwise result from concentration of stress at the first
brazing filler portion 10 during cooling due to a difference
in coefficient of thermal expansion between the ceramic
substrate 4 and the first brazing filler portion 10, whereby
reliable brazing can be ensured.
[0033] According to the present embodiment, an outer
diameter D1 of the ring member 8 is smaller than an outer
diameter D2 of the pad layer 6, and the first brazing filler
portion 10 has a portion 10a which forms a fillet shape

and is in contact with the outer circumferential surface of
the ring member 8. In the case of the first brazing filler
portion 10 having the portion 10a in a fillet shape (a con-
cave shape), the fillet shape indicates that a molten braz-
ing filler metal has penetrated into a space between the
ring member 8 and the pad layer 6 with sufficient wetta-
bility to thereby improve brazing strength.
[0034] Similarly, according to the present embodiment,
the first brazing filler portion 10 has a portion 10b which
extends toward the radially inner side of the ring member
8 and forms a fillet shape. As a result of the portion 10b
also forming a fillet shape, brazing strength is improved.
[0035] According to the present embodiment, since the
ceramic substrate 4 and the brazing filler flow prevention
layers 7a and 7b contain the same material as their main
components, adhesion between the ceramic substrate 4
and the brazing filler flow prevention layers 7a and 7b is
excellent.
[0036] The ceramic-metal structure 100 of the present
embodiment can be manufactured, for example, as fol-
lows.
[0037] First, a first brazing filler metal which is to be-
come the first brazing filler portion 10 is disposed on the
pad layer 6 of the ceramic substrate 4, and the ring mem-
ber 8 is disposed on the first brazing filler metal. Next, in
a state in which the metallic body 2 is inserted into the
ring member 8 and the through hole 4h of the ceramic
substrate 4, the metallic body 2 is held with a jig or the
like. Further, a second brazing filler metal which is to
become the second brazing filler portion 12 is disposed
between the metallic body 2 and the ring member 8.
[0038] Then, the resultant assembly is heated so as to
melt the first brazing filler metal and the second brazing
filler metal at a time for brazing.
[0039] The present invention is not limited to the above
embodiment, but extends into various modifications and
equivalents encompassed by the ideas and scope of the
invention.
[0040] For example, as shown in FIG. 3, the metallic
body 2 may be disposed coaxially with the through hole
4h such that an end 2f of the metallic body 2 butts against
the surface of the ceramic substrate 4 around the through
hole 4h. In the example of FIG. 3, the first brazing filler
portion 10 and the second brazing filler portion 12 merge
together in a region R located on the radially inner side
of the ring member 8. In this case, the "first brazing filler
portion 10" is a portion joining the pad layer 6 and the
ring member 8 together, and the "second brazing filler
portion 12" is a portion joining the ring member 8 and the
metallic body 2; however, in the case where the material
of the first brazing filler portion 10 is identical with the
material of the second brazing filler portion 12, the bound-
ary therebetween may not necessarily be clear.
[0041] Also, as shown in FIG. 4, an outer diameter D3
of the metallic body 2 may be greater than a diameter
D4 of the through hole 4h; thus, the metallic body 2 may
be disposed coaxially with the axis AX just above the
through hole 4h.
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[0042] In the above embodiment, the metallic body 2
is pipe-shaped; however, the metallic body 2 may be rod-
shaped.

DESCRIPTION OF REFERENCE NUMERALS

[0043]

2: metallic body
4: ceramic substrate
4c: flow channel
4h: through hole
6: pad layer
6c: central region of pad layer
7a, 7b: brazing filler flow prevention layer
8: ring member
10: first brazing filler portion
10a, 10b: portion in fillet shape
12: second brazing filler portion
100: ceramic-metal structure
AX: axis of through hole
D1: outer diameter of ring member
D2: outer diameter of pad layer
G: gas

Claims

1. A ceramic-metal structure in which a pipe-shaped or
rod-shaped metallic body is inserted into a through
hole extending through a ceramic substrate from a
surface of the ceramic substrate in a thickness di-
rection thereof or is coaxially disposed just above
the through hole,
the ceramic-metal structure comprising:

an annular pad layer made of a metal and dis-
posed on the surface of the ceramic substrate
to be located around the through hole;
an annular ring member joined to the pad layer
via a first brazing filler portion and having a co-
efficient of thermal expansion smaller than that
of the metallic body;
a second brazing filler portion intervening be-
tween the ring member and the metallic body
and joining the ring member and the metallic
body together; and
a brazing filler flow prevention layer which cov-
ers an outer surface of the pad layer in such a
manner as to expose a central region of an upper
surface of the outer surface of the pad layer, the
upper surface facing the first brazing filler por-
tion,
wherein the first brazing filler portion joins the
central region and the ring member together
without projecting to a radially inner side and a
radially outer side of the brazing filler flow pre-
vention layer.

2.  A ceramic-metal structure according to claim 1,
wherein the ring member has an outer diameter
smaller than that of the pad layer, and the first brazing
filler portion has a portion which is in contact with a
peripheral surface of the ring member and forms a
fillet shape.

3. A ceramic-metal structure according to claim 1 or 2,
wherein the first brazing filler portion has a portion
which extends toward a radially inner side of the ring
member and forms a fillet shape.

4. A ceramic-metal structure according to any one of
claims 1 to 3, wherein the ceramic substrate and the
brazing filler flow prevention layer contain the same
material as their main components.

5. A ceramic-metal structure according to any one of
claims 1 to 4, wherein the ceramic substrate has a
flow channel formed therein which is connected to
the through hole and through which gas flows, the
metallic body is pipe-shaped, and exchange of gas
can be performed between the flow channel and the
outside of the ceramic substrate through an internal
space of the metallic body.
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